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Description 

[0001 J The present invention is concerned with a novel process for the preparation of benzothiophene derivatives, 

especially with the preparation of 4-hydroxybenzothiophene. 4-Hydroxybenzothiophene is a building block for pharma- 
5 ceutically active compounds, e.g. 5-[4-t2-(5-methyl-2-phenyl-4-oxazolyl)ethoxy]-7-benzothiophenylmethyl]-2,4-thiazoli- 

dinedione. This compound is known in the art and is described for example in international Patent Application WO 

94/27995. It is especially useful for prophylaxis and treatment of diabetes mellitus type I and II. 

[0002] Methods for the preparation of 4-hydroxybenzothiophene have been described by Iwasaki et al. (1991) J. 

Org. Chem. 1 991 . 58, 1 922. Here a cyclocarbonylation of a primary allylacetate is performed in presence of a high cat- 
w alyst loading. Further, this process is characterized by at least five process steps which in part require extreme reaction 

conditions. 

[0003] Surprisingly it has been found that using the process according to the present invention 4-hydroxybenzothi- 
ophene can be prepared with less process steps under moderate conditions with an outstanding yield. 
[0004] The process according to the present invention refers to the 4-hydroxybenzothiophene of Formula I 

is 
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comprising cyclocarbonylation of a compound of Formula II 

25 




30 OR 



wherein 

35 

-OR Is a group of formulae — O-tCOJ-R', -O-tCOJ-O-R", or— O-tPOHOR")* wherein R' Is alkyl, perfluoro-C^ 
alkyl, aryl, R" is alkyl, eryl or benzyl or the group -OR is halogen or an aryloxy group; 

followed by saponification. 

40 [0005] This process provides an efficient cyclocarbonylation reaction under mild conditions. In addition, substrates 
for the cyclocarbonylation reaction (compound of Formula II) do not need to be purified, e.g. by distillation, but can be 
used as ■crude* material 

[0006] According to the present Invention, the term "cydocarbonylation" refers to an introduction of a carbonyi 
group coupled to the formation of a cyclic ring structure. 
45 [0007] The term "saponification - refers to the hydrolysis of an ester under acid or basic, preferably basic conditions. 
[0008] The term "transition metal compound" refers to a metal-phosphlne complex compound wherein the term 
metal refers to Pd, Pt, Ru, Co, Rh or Nl, preferably Pd 

[0009] The term "llgand" refers to phosphine, arslne or stiblne derivatives, preferable phosphlne derivatives, of gen- 
eral formulae P^NR 2 )^ 3 ), (R 1 )(R 2 )P-(X)-P(R 1 )(R 2 ), AstRWKR 3 ) or Sb(R 1 )(R 2 )(R 3 ), preferably P^KR^R 3 ). 
so wherein R 1 , R 2 , and R 3 are defined below 

[001 0] The term "alky!" refers to a branched or straight chain monovalent alkyl radical of one to nine carbon atoms 
(unless otherwise indicated), preferably one to four (lower) carbon atoms. This term Is further exemplified by such rad- 
icals as methyl, ethyl, n-propyl, isopropyl, i-butyl, n-butyl, t-butyl and the Dke. 

[001 1] The term "aryl" refers to a monovalent carbocycJic aromatic radical, e.g. phenyl, optionally substituted, Inde- 
55 pendently, with halogen, lower-alky!, lower-aikoxy, lower-aikylenecOoxy, carboxy, trifluoromethyl and the like. 

[0012] The term "aryloxy", signifies a group of the formula aryl-O- in which the term "aryf has the significance given 
above. Phenyloxy is an example of such an aryloxy group. 

[0013] The term "alkoxy", alone or in combination, signifies a group of the formula alkyl-O- In which the term "alky!" 
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has the significance given above, such as methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy, sec butoxv and 
tertbutoxy, preferably methoxy and ethoxy. y 
[0014] The term H a!kylenedioxy u Vefersto C^-alkyl-dioxy groups, such as methylenedioxy, ethylenedioxy or propyl- 

5 [001 5] The term "halogen" refers to fluorine, chlorine, and bromine. 

[001 6] In more detail, the present invention refers to a process for the preparation of compounds of Formula I 




10 



15 

comprising cyclocarbonylation of a compound of Formula II 




wherein 



-OR Is a group of formulae -O-(C0)-R\ -0-<CO)-0-R- or _0-(PO)-(OR")2, wherein R' is alkyl, perfiuoro^ 20 - 
allcyl. a*yl. R" Is alkyl, aryl or benzyl or the group -OR Is halogen or an aryloxy group; 

30 

followed by saponification. 

[00171 In a preferred embodiment of the Invention, the cyclocarbonylation reaction Is carried out in the presence of 
a base and a catalyst comprising a transition metal compound and a Dgand; 

[001 8] Transition metal compounds useful for the process of the present invention comprise salts of Pd, Pt, Ru, Go 
ss Rh- or NI and also Includes Pd/C. The use of transition metal compounds'as catalysts has been described for example 
to i Matsuzaka et ai. (1988) J. Org. Chem. S3, 3832. Preferred transition metal compounds are salts of palladium e g 
PdfOAck, Pdgdbag, PdCfe, PdaCfefr-alrylfe, PdCI 2 (NCMe) 2 , [PdCNCMeJJCBF^, and most preferably P^OAcfe.' The 
mentioned catalysts are known in the art (e.g. US Patent No. 5,380,861; -Carbonylatlon, Direct Synthesis of Carbonyl 
Compounds", H.M. Colquhoun, D.J. Thompson, M.V. Trigg, Plenum Press, 1991) and/or are commercially available 
<o (e.g. from Fluke, Buchs, Switzerland or Strem Chemicals, Kehl, Germany). 

[001 9] The ngand of the transition metal compound In the catalyst may be selected from a group consisting of phos- 
phine, arslne orstlbine derivatives, preferable phosphine derivatives of general formulae P(R 1 )(R 2 )(R*), (R 1 )(R 2 )P-fX)- 
2™^ £1" )(R ^ ° r Sb ( Rl « R2 » R3 )» P referab, y PPWKR 3 ), wherein X. R 1 , R 2 . and R 3 are defined below. 
[0020] Especially suitable Ilgands are chiral and non-chlral mono- and diphosphorus compounds for example 
as described In Houben-Weyl, *Methoden der organischen Chemle", vol E1,page 1 06 etseq.GeorgThieme Verlag Stutt- 
gart, 1 982, and Aspects Homog. CataU 4, 145-202 (1 981), especially those of the formulae 

P(R 1 )(R 2 )(R 3 ) and (R'XR^P-PQ-PfR'KR 2 ) 

so wherein R 1 , R 2 and R 3 each independently are C^aJkyi, cyclohexyl, benzyl, naphthyi, 2- or 3-pyrrolyl, 2- or 3-furyl, 2- 
or3-thiophenyl, 2- or 3- or 4-pyrldyl, phenyl or phenyl which is substituted by C M -alkyl, C M -alkoxy, halogen, trifluor- 
omethyl, lower alkylydenedloxy or phenyl and X is blnaphthyl, 6,6'-dimethyl- or e.e'-dimethoxybiphenyl-^-diyl, or one 
of the groups -<CH 2 )n-, -CH 2 CHjrPfCeHs)- CH 2 CH 2 -, 
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and n Is a number of 1 — a. 

[0021] Examples of suitable phosphorus Hgands are shown in Scheme 1 . 
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Scheme ) • 
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[0022] The most preferred phosphorus figands are triphenylphosphlne, 
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PPh(3,5-tBu.Ph) 
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ponemandaphosphlnefigand.^ 
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with a vinyl-metal-X reagent, with -metal-X being -MgCI, -MgBr, -Mgl or-U preferably -MgCI or -MgBr. followed by 
reaction with an acid derivative. Other allyl compounds, e.g. the corresponding allyl halogenides or alfyl tiialkylammo- 
nlum salts, are also suitable reagents. The acid derivative can be selected from a group consisting of compounds of 
formulae, (R'-COfeQ, R»0-(CO)-CI , CI-(PO)(OR") 2 , R'-(CO)-HaI wherein R' Is alkyl. perfluoro- C^-alkyl, aryl R« is 
alkyl, aryl or benzyl and Hal Is CI or Br. The preferred acid derivative is (R'-CO) 2 0, and here especially the acetanhy- 
dride. The most preferred the vinyl-metal-X-reagents ere vlnylmagnesium chloride or vinylmagneslum bromide. 
[003S] In the most preferred embodiment of the present Invention, the compound of Formula II is prepared by reac- 
tion of vinylmagneslum chloride followed by reaction with acetanhydride as shown In scheme 2. variant a). 
[0036] Additional methods for the preparation of compound III are summarized in scheme 2. 
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[0037] The compound of Formula I is useful for the preparation of pharmaceutical^ active substances, e.g. S'[Ai2- 
(5-methyl-2-phenyl^xazoly0^ and Its salts, especially the cor- 

responding sodium salt A process for the preparation of this compound has been described for example In International 
Patent Application WO 98/42704. 

[003B] In addition, the compounds may be prepared according to the following processes: 

[0039] In a first step the compound of Formula I may be converted Into 4-f2-(ben2othIophene-4-yloxy)-ethyI]-5- 

methyl-2-phenyl-oxazole by reaction with a mesylate of Formula V 




OS(0) 2 CH 3 



7 



EP 1 078 923 A2 



under basic conditions. The reaction may be performed in solvents like DMF with for example sodium carbonate, potas- 
sium carbonate or cesium carbonate, preferably potassium carbonate; or in THF with KtBu; or in toluene and KOH with 



[0040] The above process may be followed by a nitration reaction of 4-[2-(benzothiophene-4-yloxy)-ethyg-5-methyl- 
2-phenyl-oxazole to give 5-methyl-4-[2-(7-nitro-benzothiophene-4-yloxy)-ethyl]-2-phenyi-oxazoie. Normally nitric acid is 
used for the nitration reaction which may be performed at room temperature to about 50 °C, preferably room tempera- 
ture. 

[0041] The 5-methyl-4-[2-(7-nitro-benzothiophene-4-yloxy)-ethyI]-2-phenyl-oxazole obtained by the above process 
may be converted Into of 5-methyi-4-[2-(7-amino-benzothiophene-4-yloxy)-ethyl]-2-phenyl-oxazole by hydrogenation. 
The conditions of the hydrogenation reaction (fVRaney nickel) are known in the art Hydrogen pressure may be 1 to 
10 bar, preferably 1 bar. 

[0042] The above process maybe continued by the reaction of 5Hnethy!-4-[2-(7-amlno-benzothlophene-4-yloxy)- 

ethyg-2-phenyl-oxazole with HHal/NaN0 2 followed by reaction with CH=CHCOOCH3/Cu(l)Hal, wherein Hal is Br or CI, 

preferably Br. The reaction product In case of Hal is Br is me%l-2-bromo-a-[4-[2-(5-methyl-2-phenyI-oxa2ole-4-yl)- 

ethoxyJ-benzothiophene-7-yIJ-proplonate. 

[0043] The reaction of methyl-2-bromo-3-[4-p-(5-methyl-2^ 

pionate with thiourea will produce 2-lmlno-5-[4-[2-( 5-methyl-2-phenyl-o)cszole-4-yi)-ethoxy]-ben2othlophene-7-yI]- 
methyl-thiazoiidine-4-ona The reaction is normally performed In alkyialkohols like ethanoL 
[0044] This compound (2-imlno-5-[4-[2-(5HTiettyl^ 

azoiIdine-4-one) may then be converted Into 5^^2-(5-me%^2-phenyl^xa20le^yI)-ethoxy]-benzothiophene-4- 
methylh2,4-thiazoRdinecfione by reaction under acid conditions. The reaction may be performed at 1 — 4 bar, preferably 
at 1 bar. Acidic conditions are provided by an organic or Inorganic acid In an appropriate solvent, e.g. HCl/ethanol. 
[0045] The reaction may be optionally continued by conversion of S-[7-[2-(SmethyI-2-phenyl-oxazoIe-4-yI)-ethoxy]- 
benzothiophene^methyQ-2,4-thiazo]idinedione In a corresponding salt, preferably the sodium salt (5-[7-[2-(5-methyl- 
2-pheny l-oxa2ole-4-yQ^thoxy]4>erizothlophen by reaction under basic condi- 

tions, preferably with NaOH in THF. 

[0046] A further embodiment of the Invention comprises a process for the preparation of 5-[7-[2-(5-methyl-2-phenyl- 
oxazole^-yQ^thoxyhbenzothlophene-^ anoYor of 5-[7-[2-{5-methyl-2-phenyl-oxa2ole-4- 

yQ^thoxy]-ben2othiophene-4-methyI]-2,44hIazondInedIone sodium salt comprising 

a) conversion of a compound of Formula I into 4-p-(benzothiophene^yloxy)^th^ by 
reaction of a compound of Formula I 



under basic conditions; followed by 

b) nitration of4^-{benzothiophene-4-yloxy)-ethy0-^ to give 5-methyM-p-(7-nitro-ben20- 
thiophene^yioxy)-ethyl]-2-phenyf-oxa2ole; 

c) hydrogenation of 5-methyl-4^-(7^1tro-bertzoM^ to give 5-methyl-4-[2- 
(7-ajnino-benzothiophene^yIoxy)-ethylJ-2-phenyl-oxazoIe; followed by 

d) reaction of 5-methyl-4-[2^-sjnino-benzotW^ with HHal/NaN0 2 and 
CH=CHCOOCH3/Cu(l)HaI, wherein Hal is Br or CI to give methyi-2-bnDmo-3-[4-p-{5-methyl-2-phenyl-oxazoie-4- 
yl)-ethoxy]-benzothlophene-7-yl]-propionate; followed by 

e) reaction of methyl-2-bromo-3-[4-[2-(5-me^ 



phase transfer catalysts. 




with a mesylate of Formula V 
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with thiourea to give 2-imino-5-[4-[2-(5-methyI-2-ph^ 
lidine-4-one; followed by 

f) reaction of 2-imlno-5-[4-[2-(5-n^^ 

one under acid conditions to give 5-[7-[2-(5-methyl-2-phenyl-oxa2ole-4-yl)-ethoxy]-benzothiophene-4-methvn.2 4- 
thiazolidinedione; ' /J ' 

g) and optionally followed by reaction of 5-t7-[2-(5-methyl-2-phenyl-oxazole-4-yl)-ethoxy]-benzothiophene-4- 
methyl]-2 ( 4-thiazolidinedione under basic conditions to give 5-r7-[2-(5-methyl-2-phenyl-oxazole-4-yl).ethoxyl-ben- 
zothiophene-4-methyO-2,4-thiazolidinedione-Na-sait 

[0047] The invention further comprises the use of any of the above described processes for the preparation of 5-[4- 
[2-(5-methyl-2-phenyM-oxazolyl)efo^ 

nyi-oxazofe^yO^thoxyl-benzothiophene^methyO^^-thiazolidinecfione-Na-salt. 

[0048] A further embodiment of the present invention comprises the compound 5-[7-[2-(5-methyi-2-phenyl-oxazole- 
4^!)-ethoxy].beraothiophene^HTiethyO-2 l 4-thia2olidinedlone-Na-salL 

[0049] The following examples shall illustrate preferred embodiments of the present invention but are not intended 
to limit the scope of the invention. 



EXAMPLES 
20 Example 1 

1-P-Thlenyl)allyl Acetate 



[0050] A 1.5 1 4-necked glass flask equipped with a mechanical stirrer, a thermometer and an argon inlet was 
charged with 1 12.2 g of 2-thiophenecarbaJdehyde (1.00 mo!) and 100 ml of THF and to the resulting solution was added 
dropwise at -20°C within 1.2 h 650 ml of vlnylmagneslum chloride 1.7 M solution In THF. The temperature during the 
addition was kept between -50 and -25°C with aid of an acetone/dry Ice bath, then Increased to 0°C during 35 min 
and kept at this temperature for 20 min. To the resulting brown suspension was added at ca. 0° within 40 min 132.7 g 
of acetic anhydride (1.30 mol). The cooling bath was removed and after stirring for 1 h 400 ml of deionlzed water was 
added at 10-15°C within 20 min. The biphaslc yellow-brown mixture was stirred for an additional 1 h at room tempera- 
ture and transferred to a separatory funnel with aid of 500 ml of hexane. The brown aqueous phase was separated and 
extracted with 400 ml of hexane. The combined organic phases were washed with 3 x 200 ml deionized water, dried 
(Ne^SO* 15 min stirring) and rotatory evaporated fJtoh 35°, 12mbar, 1 h). Material of this quality Is defined as ■crude" 
and Is also suitable for cyciocarbonylation (see Example 2 B). The orange-brown on (1 99.7 g) was distilled in an appa- 
ratus consisting of a 500-ml two-necked round-bottomed flask, a distillation head with water-cooling and a fraction sam- 
pler. A forerun containing low-boiling components (yellowish oil) was collected at T^ between room temperature and 
55°C and 0.5-0.6 mbar, the main fraction was collected at T^ of 59-62°C (Tp* 63-67°C) and 0.4 mbar. Yield: 1 61 .53 
g (88.6%) of 1 -(24hienyl)allyl acetate as a sDghtly yellow oIL 



40 Example 2 A 

4-HydroxybenzothIophene 



45 



SO 



[0051] An autoclave was charged under an argon flow with 27.34 g of 1-(2-th!enyl)al!yl acetate (0.150 mol, distilled), 
28.4 ml of acetic anhydride (30.6 g 0.30 mol), 42.0 ml of triethylamlne (30.7 g, 0.30 mol), 23.6 mg of palladium acetate 
(0.1 05 mmol) and 0.264 g of triphenylphosphlne (1 .00 mmol), ail with aid of 53 ml of toluene. Then the autoclave was 
sealed, evacuated twice under slow stirring (1 50 rpm) to 0.2 bar and pressurized with 8 bar of argon, then pressurized 
three times with 20 bar of carbon monoxide and vented, and finally pressurized with 50 bar of carbon monoxide. The 
reaction mixture was stirred (500 rpm) and heated at 120°C and the carbonylation carried out at 50 bar constant total 
pressure for 6 h. After cooling, the autoclave was vented and the CO atmosphere was exchanged by evacuating to ca. 
0.2 bar and pressurizing 8 bar of argon four times. The resulting dark solution was poured into a 0.5 1 flask containing 
1 20 ml of Ice water and the blphasic solution was stirred for 1 h at room temperature. The aqueous phase was extracted 
In a separatory funnel with 80 ml of toluene and than the combined organic phases were washed with 3 x 30 ml, with a 
total of 90 ml of deionlzed water and reduced to a total weight of 46 g by rotary evaporation (50°C/60 mbar). 
[0052] The residue containing the crude acetate was transferred to a 0.35 I glass flask under argon with aid of 25 
ml of toluene. After addition of 82 ml of 4N sodium hydroxide (328 mmol) the mixture was stirred Intensively (1200 rpm) 
at 50° for 1 .5 h and then after cooling transferred in a 0.5 1 separatory funnel. After removal of the organic layer, the dark 
aqueous phase was extracted with 80 ml of toluene and the combined organic phases were back-extracted with 2 x 20 
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ml, a total of 40 ml of deionized water. The combined aqueous phases were treated with 1.0 g of charcoal, stirred at 
room temperature for 5 min under argon and filtered through a Speedex layer. The filter cake was rinsed three times 
with 20 ml, a total of 60 ml of deionized water. The clear brown, combined phases were concentrated until no more tol- 
uene distilled, then after cooling to 5°C in an ice bath 75 ml of 25% HCI were added under argon during 35 min, 
5 whereas the temperature was kept under 15° with aid of an ice bath. The resulting thick crystalline suspension was 
stirred for 1 h in an ice bath (internal temperature 2-3 p C) and filtered on a sintered glass filter. The filter cake was 
washed three times with 50 ml, a total of 150 ml of ice-cold water and dried on the rotavapor at 50°C/1 mbarto constant 
weight 

w Yield: 1 8.9 g (84%) of 4-hydroxybenzothiophene 
m.p. 76-7B°C, content 9B%. 

Example 2 B 

is 4-HydroxybenzothIophene 

[0053] An autoclave was charged under an argon flow with 27.34 g of 1-(2-thienyl)allyl acetate (0.150 mol, crude 
quality, see Example 1), 28.4 ml of acetic anhydride (30.6 g, 0.30 mol), 42.0 ml of triethylamlne (30.7 g, 30 mol), 23.6 
mg of palladium acetate (0.1 05 mmol) and 0.264 g of triphenylphosphlne (1 .00 mmol), all with aid of 53 ml of toluene. 
20 Then the autoclave was sealed, evacuated twice under slow stirring (1 50 rpm) to 0.2 bar and pressurized with 8 bar of 
argon, then pressurized three times with 20 bar of carbon monoxide and vented, and finally pressurized with 50 bar of 
carbon monoxide. The reaction mixture was stirred (500 rpm) and heated at 120°C and the carbonylatlon carried out at 
50 bar constant total pressure for 6 h. After cooling, the autoclave was vented and the CO atmosphere was exchanged 
by evacuating to ca. 0.2 bar and pressurizing 8 bar of argon four times. The resulting dark solution was poured into a 

25 0£ I flask containing 120 ml of toe water and the biphasic solution was stirred for 1 h at room temperature. The aqueous 
phase was extracted In a separatory funnel with 80 ml of toluene and then combined organic phases were washed with 
3 x 30 ml, a total of 90 ml of deionized water and reduced to a total weight of 46 g by rotary evaporation (50°C/60 mbar). 
[0054] The residue containing the crude acetate was filtered through 17 g of silica gel (0 = 3 cm) and the filter 
washed with 150 ml of toluene. The combined organic phases were reduced to a total weight of 40 g by rotary evapo- 

30 ration and transferred to a 0.35 I glass flask under argon with aid of 20 ml of toluene. After addition of 82 ml of 4N 
sodium hydroxide (328 mmol) the mixture was stirred intensively (1200 rpm) at 50° for 1.5 h and then after cooling 

— --• transferred In a 0.5 1 separatory funneL After removal of the organic layer, the dark aqueous phase was extracted with 
80 mol of toluene and the combined organic phases were back-extracted with 2 x 20 ml, a total of 40 ml of deionized 
water. The combined aqueous phases were treated with 1.0 g of charcoal, stirred at room temperature for 5 min under 

35 argon and filtered through a Speedex layer. The filter cake was rinsed three times with 20 ml, a total of 60 ml of deion- 
ized water. The clear brown, combined phases were concentrated until no more toluene distilled, then after cooling to 
5°C In an ice bath 75 ml of 25% HCI were added under argon during 35 min, whereas the temperature was kept under 
15° with aid of an Ice bath. The resulting thick crystalline suspension was stirred for 1 h In an ice bath (internal temper- 
ature 2-3°C) and filtered on a sintered glass filter. The filter cake was washed three times with 50 ml, a total of 150 ml 

40 of Ice cold water and dried on the rotavapor at 50°Gfl mbar to constant weight 

Yield; 16.5 g (73%) of 4-hydrcxybenzothiophene as brown crystals- 
m.p. 75-76°C, content 95%. 

45 Example 3 

Variation of Phosphorus LIgands 

[0055] 4.93 mg of palladium acetate and 57.57 mg of triphenylphosphlne in 1 0 mi of toluene were stirred for 1 h In 
so a glove-box (0 2 < 1 ppm). A 35 ml autoclave was charged with 0.40 g of distilled 1 -(2-thienyl)a!lyl acetate, 0.42 mi of 
acetanhydride, 0.62 ml of triethylamlne and 1 .0 ml of the catalyst solution described above. The autoclave was condi- 
tioned with 30 bar of CO and pressurized with 70 bar of CO. The cyclocarbonylation was carried out at 120°C for 2 h. 
GC-anaiysIs revealed a conversion of 96% with a content of 4-acetoxybenzthIophene of 91%. 

55 A) Examples 3.1 —3.6: 

[0056] According to Example 3, table 1 summarizes the following experiments which were performed with phos- 
phorus ligands other then triphenylphosphlne. 
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Table 1 




Example 


P-llgand u; 


% conversion 3 * 


% Content of 4-Acetoxy- 
benzothiophene a ) 


3.1 


PPh(3,5-tBu-Ph) 2 


92 


87 


3.2 


P(3,5-tBu-Ph) 3 


93 


88 


3.3 


AMPHOS 


99 


95 


3.4 


NMDPP 


98 


94 


3.5 


P(2-Furyl)3 


96 


90 


3.6 


P(o-DMA-Ph) 3 c > 


13 


12 



A > Determined via GC (area-%). 
b ) See structures In Scheme 1. 
°>P/Pd=2 



zo B) Examples 3.7 — 3.23: 

« 

[0057] The following additional examples 3.7 to 3.23 were performed with further phosphorus ngands. The reaction 
were performed according to the description given above. However, the autoclave was pressurized with 50 bar CO and 
the cyclocarbonylatlon reaction was carried out at 90°C for 16 — 18 h. 

25 



Table 2 



Example No. 


P-Ugano** 


P/Pd c > 


% conversion®* 


% Content ^ 


&7 


PPh(3,5-tBu-Ph)2 


2 


>99 


94 


3.8 


P(3.5-tBu-Ph)3 


2 


>99 


97 


3.9 


PAMP 


2 


>99 


92 


3.10 


MOP 


2 


>99 


92 


3.11 


P(2-Furyl)3 


10 


>99 


85 


3.12 


TROPP-Ph 


6 


>99 


95 


3.13 


PPhPphol) 


6 


>99 


88 


3.14 


(S,S)-DDPPI 


2 


>99 


92 


3.15 


DPEphos 


2 


99 


40 


3.16 


DPPM 


2 


40 


30 


3.17 


DIOP 


4 


99 


72 


3.18 


P(0-nC 4 H e ) 3 


6 


99 


86 


3.19 


DIphol-DlOP 


2 


99 


71 


3.20 


DPPF 


2 


>99 


81 j 


3.21 


TPP-ox-Ph 


1 


85 


44 


3.22 


P(m-Tol) 3 


6 


>99 


83 


3.23 


P(n-Bu) 3 


6 


95 


70 



a) % Content of 4-acetoxybenzothlophena, determined via GC (Area%). 

b) See structures In Scheme 1 . 

c) Phosphorus-to-paHadlum molar ratio. 
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Example 4 

Cyclocarbonylation reactions: CO pressure and S/Pd ratio 

s [0058] 6.0 g of distilled 1-(2-thienyl)allyl acetate were reacted for 4 h as described in Example 2 A with 6.2 mg of 
palladium acetate, 72.1 mg of triphenyiphosphine, 6.3 ml of acetanhydride and 9.3 ml of triethylamlne present GC- 
analysis revealed a conversion of 98% with a content of e-acetoxybenzthiophene of 94 %. 

Examples 4.1 —4.7: 

TO 

[0059] According to Example 4 table 2 summarizes experiments performed under different reaction conditions (CO 
pressure and S/Pd ratio). 

75 Table 2 



20 



Example No. 


Pcofbar]^ 


S/Pd 


T[°C] 


% yield** 










2h 


4h 


6h 


4.1 


70 


1200 


120 


99 






42 


70 


■ 


100 


90 


98 


n.d 


4.3 . 


40 


■ 


120 " 


96 


99 


>99 


4.4 


20 


• 


■ 


67 


88 


89 


4.5 


70 j 


1500 


* 


97 


>99 




4.6 


50 


■ 


« 


n.d. 


n.d 


>99 


4.7 


40 


■ 


■ 


92 


97 


98 



*) determined at FTT. 

b > Determined via GC (area-%). 



Examples 

35 4-p-(Benzothlophene^yloxy)^thy^ 

[0060] 21 8 g (1 .45 mol) of 4-hydroxy-benzothiophene and 51 1 g (1 .82 mol) of mesylate of Formula V 



40 




V 



were dissolved In 5.41 of DMF, followed by addition of 555 g (4,02 mol) of potassium carbonate (dry). The reaction mix- 
ture was stirred at 1 00 to 105 °C for 6 to 8 hours. The resulting suspension was cooled to 5 °C and 7 1 of water was 
so added The suspension was stirred at 5 °C for 30 minutes. The precipitate was filtered with suction and washed with 
550 ml of DMF/water (1 :1 ) and 1 ,1 1 water. The precipitate was stirred at 0 to 5 °C In 1 I of MEK (methylethylketone) for 
30 minutes. Then the precipitate was filtered with suction and dried at 50 °C. 

Yield: 365 g (= 75 %) 4^2-(benzothlophene-4-yloxy)^th^^ 
55 m.p.126°C/129-131 °C 
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Example 6 

S-Methyl-4-[2-(7-nitro-ben2othiopherie-4-yIoxy)-ethyl]-2-phenyl-oxazole 

5 fofJL. ~ r 9 ( °'.^ m00 ^^^-(^^'^^"^•y'^-ethyll-S-methyl^-phenyl-oxazole were suspended in 6 3 
Llif of nn f 't aad J mperature » raIsed t0 60 ° c - resulting clear solution was cooled to 25 -C 132 ml 3 is 
mop of 1 00 % nftnc acid were added within 3 minutes. The reaction mixture was cooled below 30 -C After cry^atl 

To ST o S Z en h S L°? "Tff "J t0 20 ° C f ° r 1 h0Ur " Precipitete Was ,iltered with suc «°" Bnd was S3S x 
«. of «frt-butyl methyl ether. The residue was suspended in 4 1 of acetic ester for 15 minutes. 200 g ( g moll i 

Yield: 210 g of 5-me%l^.(7-nitro-benzo^ (-70%) 
m.p. 149 — 151 °C. 

Example 7 

5-Methyl^p-(7*mlno4>eira^ 

so 

l°?^L *' 50 9 (1052 mol) of s ^ e %^^-nltrc^en2omlophene^oxy)^thyO-2-phenyk>xa20 were solved in 1 
s'metfwW-f? r7 ^ m ' j-ewatlt M 600 (OH"-form) (Bayer AG) were washed with about 1 00 ml THR^d^dMto the 
S?K zothI °P he "^-y"»y)^ thylI-2-phenyl-oxarole solution and sflned at mom temperature for ? 
nour. Then the Lewatit M 600 material was filtered with auction and washed with 100 ml THE 1£5 g of Ranev nickel 
ZJSS.? f T^"! THF BOiU&3nS follOWed * "^"ata. of the B-methyl^^-nltrc^enzothtophene^ 
JStSf Phenyl '° XaZ0,e 81 pressura 706 temperature of the reaction mixture should not exceed 35to 

S 1 h^ flen JE ,reS8 .T ^ lnCreBSed t0 6 bar wIth,n 6 houre - After hydrogenatlon the reaction mixture was stirred 
Zl kIS? th !« Ca ^^ WSS filtBred witn THF was distilled off. 180 ml ethanol was added and the res- 

» ^°^ n b °^ do ^ hour.Thepreci P Itatewasfilteredw1, 
» sucfioneiid toe residue was washed vvim 25 nil e^^ 



Yield: 42.4 g of 5-methyl^^^no^n20thJophene^yloxy)4lhyO-2-phenyi-cocazole (= 92 %). 
mp. 122 — 126 e C. 

as Example 8 

Me thyl-2-bremo-314-p-(5.metoy|.2^ 

p)063] 320 8(0.91 moO of 5^e%l^.(7^ino*enzomiophene^loxyhethylh2-phenyl<xa«)le were solved In 
6.4 1 acetone. Within 30 sec one third of a 320 ml (2.74 n»0 of 48 % HBr In 900 ml water were added. After cooling to 
ZZL? !2f SteJl ^ a f 00 8U *P en * m w 88 at 0 to 4 »C tor 1 hour. Then the remaining 48 % HBr solution 
add8d wlthIn ™ minutes at 0 to 4«C and stirred at this temperature for 15 minutes followed by addition of 
63.9 g (0.83 mol) sodium nitrite in 180 ml water within 15 minutes at 3 to 5 «C and stirring for 30 minutes at 3 to 5 »C 

non or 3.2 g Cu(l)btom!de. Temperature was increased to 20 to 25 »C within 30 minutes followed by stirring at this tern- 
perature for 1 hour and 10 minutes at 30 «C. 1.8 1 of water was added to the reaction mixture followed by distillation of 
acetone/methacrylate CH=CHCO0CH 3 at a temperature of 40 »C. The final volume was about 2 L 1 1 of water was 
added to separate the remaining methacrylate CH-CHCOOCHs. The final volume was about 2 1. The black precipitate 
was solved by addition of 4.5 1 of acetic ester and stirring for 15 minutes. The two phase reaction mixture was filtered 
and the aqueous phase was extracted with 2 1 of acetic ester. After extraction with 2 1 of an aqueous 2 % NaCI-solutlon 
tne aceBc ester solutions were combined and distilled. 2 1 of acetic ester was added to the residue and again distilled 
I"*™ 1 were added » the residue and boiled. 15 g of activated charcoal were added and stirred for 15 minutes. 
finer flltrauon and cooling to room a precipitate was formed The suspension was stirred for 1 hour at room temperature 
and an additional houratO »C. Afterwashing with cold ethanol the precipitate was driedfor24 houre at 50 "C (vacuum). 

(- 68%)° 9 ° f m8t ^" brom ^^" ( ^ e ^" 2 "P ten ^ 
m.p.97to99°C. 



40 



45 



SO 
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Example 9 

2-lmino-5-[4-[2-(5-methyl-2-phenyl-oxaro^ 

[0064] 190 g (0.380 mol) of 5-methyl-4'[2-(7-amino*ben20thiophene-4-yloxy)-ethyl)-2-pheny!-oxa2ole were sus- 
pended in 2.85 I of ethanol. 31.6 g (0,415 mo!) of thiourea and 34.8 g of sodium acetate were added. After boiling for 
about 18 hours (reflux) the reaction mixture was cooied to 0 to 4 °C and stirred for 1.5 hours at this temperature. The 
precipitate was filtered with suction and washed twice with 250 ml cold ethanol. 1 .9 I of water was added to the residue, 
the mixture was stirred for 10 minutes and the precipitate was filtered with suction and dried for 24 hours at 80 °C (vac- 
uum). 

Yield: 147 g of 2-im!no-5-[4-[2-( 5-methyl-2-phenyl-oxazole-4-y0 

4-one(84%); 

m.p: 224—227 °C. 

Example 10 

5-[7-[2-{5-Methyl-2-phenyl-oxazole-4~yl>^^ 

[0065] 283.3 g (0.61 mol) of 2^lno-5-[4{2-(5^ethyl-2-phenyl-ox^ 

methyl-thiazoIidine-4-one were suspended In 2.83 1 ethanol. 2.83 1 of 2 N hydrochloric acid were added. The resulting 
suspension was stirred for IB hours (reflux). The suspension was cooled for 1 hour to 0 to 4 °C and was stirred for 
another 2 hours at this temperature. The precipitate was filtered with suction and washed twice with 285 ml of ethanol. 
2.83 1 of water was added to the residue, the suspension was stirred for 30 minutes, the precipitate was filtered with suc- 
tion and washed with 2 1 of water. The precipitate was dried for 24 hours at 80 °C and then solved in 545 ml DM F (at 85 
to 90 °C). 4.95 1 of ethanol (25 °C) were added to the solution. The resulting suspension was stirred for 2 hours at 0 to 
4 °C. The precipitate was filtered with suction, washed with 270 ml of cold ethanol and dried at 80 °C for 24 hours (vac- 
uum). 

Yield: 246 g of 5-[7-[2-(5HTiethyl-2-phenyto 
(87%); 

MP: 224 — 227 °C. 
Example 11 

5-[7-[2-(5-Methyt>2-phenytaX8ro^ 

[0066] (5-{7-[2-(5-MethyJ-2-pheriyl-ox^^ (5.B g) 

was dissolved In hot THF (67 ml). A solution of sodium hydroxide (0.5 g) in water (6 ml) was added, and the solution 
was cooled to room temperature. Another portion (87 ml) of THF was given to the solution, and after a short time a crys- 
tallization was observed 150 ml of the solvent was distilled off in the heat The suspension was cooled to about 0°C 
and was stirred for further 2 hours. The solid was filtered and dried at 80°C. 

Yield: 5.6 g of 5^-[2-(5-methyl-2-phenyl^^^ 
Na-saft (93%); 

MP: > 300 °C (decomposition). 
Claims 

1 . A process for the preparation of compounds of Formula I 
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comprising cyclocarbonylation of a compound of Formula II 



OR 



II 



wherein 

~°JlL & !!ZVl f T^ e - 0 : {C0 J■ R, • -OWO-R' or-0.(PO).(OffV wherein FV Is alky). perfluoro-C, 
20-alkyl. aryl, R" is alkyi. aryl or benzyl orthe group -or | s halogen or an aryloxy group; P emuor «>^i- 

followed by saponification. 

Z L e ^L aCCOrd L n9 , t0 CWm Whena,n ^^onylatlon reaction is carried out In the presence of a base 
and a catalyst comprising a transition metal compound and a llgand. presence or a base 

3. The process according to any of claims 1 -2, wherein the transition metal compound is a palladium salt 

4 " Mri^dT^K "IS ^ * e transW ° n metBS C0mp0Und b 8e,ected *"» a 8™P insisting of 
Pd(OAc) 2l Pd 2 dba 3> PdCI & Pd 2 Cfe(^^ a ""w" 

5. The process according to claim 4, wherein the palladium compound is PdfQAcfe. 

R S 6 Pt ^l SS ^"""S to 1- 5. wherein the llgand is P(R 1 Xfltoft or (R^fR^P-PO-PfR^fRZ) wherein pi 




or 



IV 



and n is a number of 1 —8. 

phine P "and* 8 * ^ 1 ~ 5 ' ^ te Be,eotedfro m * group consisting of trlphenylphos- 
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PAMP 
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« ». The process eccordlng to claims 1 — 8, wherein the cyclocarbonylatlon reaction is carried out In the presence of a 
base selected from the group consisting of tri-alkyl-amlnes, di-alkyl-aryl-amlnes. pyridines. alkyt-N-plperidines. 
sodium hydroxide, potassium hydroxide or salts of carbonic acids. HH ' 

10. The process according to claims 1 — 9, wherein the cyclocarbonylation reaction is carried out in the presence of 
50 triethylamlne. 

11. The process according to c!a!ms1 -10, wherein the compounds of Formula II are prepared by reaction of the thl- 
ophene carbaldehyde of Formula III 

55 
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,H 



5 



o 



III 



with a reagent of the formula vinyl-metal-X with -metal-X being -MgCI, -MgBr, -Mgl or -Li, followed by reaction with 
an acid derivative selected from a group consisting of (R , -CO) 2 O l R"0-(CO)-CI, CI-(PO)(OR") 2 or R"-(CO)-Hal, 
io wherein R' is alkyl, perfluoro-C 1 . 2 o-alkyl, aryl, R M is alkyl, aryl or benzyl and Hal Is CI or Br. 

12. The process according to claim 11, wherein the acid derivative is acetanhydrid. 

13. The process according to claims 1-12, wherein the vinyl-metal-X-reagent is vinyl-magnesium chloride. 

75 

14. The process according to claims 1-13, wherein the compound of Formula li Is prepared by reaction of the thl- 
ophene carbaldehyde by reaction of vinyimagnesium chloride followed by reaction with acetanhydride. 

15. The process according to claims 1 — 14, wherein the compound of Formula I Is 4-hydroxybenzothiopene. 

20 

16. The process according to claims 1—15, wherein the saponification reaction Is carried out In a biphasic mixture of 
sodium hydroxide In toluene or in a homogeneous mixture of sodium methylate In methanol. 

17. The process according to claims 1 — 16, wherein the compound of Formula I Is converted Into 4-{2-(benzothl- 
25 ophene-4^loxy)-ethyrj-5-methyl-2-phenyl-oxazole by reaction of a compound of Formula I with a mesylate of For- 



under basic conditions. 

18. The process according to claim 17, wherein 4-f2-(benzothIophene^yloxy)-ethyl]^^ Is 
converted Into 5-methyl-4-[2-(7-nitro-bflnzothlo^^ by nitration. 

19. The process according to claim 18, wherein 5-metrryl-4-[2-(7-nItro^enzothIophene^ 

zole Is converted Into of 5-methyl-4H£-(7-amIno-beraothIophen by hydrogena- 

tion. 



20. The process according to claim 19, wherein 5-methyl-4-r2-(7-amIno-benzo^ 
zole is converted into methyl-2-bromo^-[4^2-(5-m^ 

pionate by reaction with HHal/NaN0 2 followed by reaction with CH=CH(X)OCrtyCu(l)Hal, wherein Hal Is Br or CI. 

so 21. The process according to claim 20, wherein metty-2-bromo^4-[2-(5-metry^^ 
zothiophene-7-y^propionate Is converted Into 2-imino^4-[2-(5-methy^2 
ophene-7-yO - methyl-thlazoIidine-4-one by reaction with thiourea 

22. The process according to claim 21, wherein 2-ImIno-5-[4-[2-{5-metrr/I-2-ph 

ss ophene-7-yQ-metrr/l-thiazondine-4-one is converted Into 5-f7-{2-(5-methyl-2-phenyl-oxazole-4-yI)-ethoxy]-benzo- 
thiophene-4-methyO " 2,4-thiazofidinedione by reaction under acid conditions, 

23. The process according to claim 22, wherein 5^-[2-(5-metrryI-2-phenyI-oxazole^yO-^oxyI-benzothiophene-4- 



mula V 



30 




35 



45 
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w 



15 



20 



oxazole 




with a mesylate of Formula V 




S(0) 2 CH, 



under basic conditions; followed by 

SSSSS^^ *W HHaWaNOj and 

SX d n° C fS!f" y ?i ,0Wed ^ reaC "° n * ^-^^^henyl^azole-t-yO-ethoxyl^nzothlophene-^ 

3552535^^ 

4^)-ethoxy]*en20thlophene^methyl]-2.4-thlazolldInecllone-Na-saIL -pnenyi-oxazoie 
^- W2-(5-Methyl-2-phenyl*xazo^^ 
28. The Invention as hereinbefore defined. 
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